Left ventricular function was studied in young men with a positive family history of hypertension for two generations (n = 15). The findings were compared with three control groups: one age-, sex-, and weight-matched group with a negative family history of hypertension (n=14); one normotensive control group unselected as regards family history of hypertension (n=27); and one group also unselected regarding family history of hypertension but selected with blood pressure criteria to have mild blood pressure elevation (n=59). The group with a positive family history of hypertension, in comparison with the normotensive control group, was heavier, had higher blood pressure, increased left ventricular wall thickness, increased left ventricular mass, and signs of changes in diastolic and systolic left ventricular function. There were no differences in these variables between the group with a positive family history and the other two control groups. Data clearly indicated that subjects with a positive family history of hypertension, as well as subjects with mild blood pressure elevation, were heavier than the normotensive control group. It is not possible to judge, with available data, if the changes in left ventricular morphology and function in the two groups with a different family history of hypertension and in the group with mild blood pressure elevation occurred as a physiological response to the increase in afterload or if the neurohormonal and metabolic disturbances leading to the condition of slight overweight also affected left ventricular function. (Hypertension 1991;17:661-668) H ypertension is a major health problem because of its high prevalence and because of the increased risk of cardiovascular disease in patients with high blood pressure. Hypertension develops slowly over decades, and in the study of its pathophysiology, interest has partly been focused on young people at increased risk for developing established hypertension, that is, on subjects thought to represent a prehypertensive state.
H ypertension is a major health problem because of its high prevalence and because of the increased risk of cardiovascular disease in patients with high blood pressure. Hypertension develops slowly over decades, and in the study of its pathophysiology, interest has partly been focused on young people at increased risk for developing established hypertension, that is, on subjects thought to represent a prehypertensive state. 1 -10 Several studies have indicated that a positive family history of hypertension predisposes to the development of established hypertension. 1 ' 79 Other studies indicate that mild blood pressure elevation early in life predisposes to established hypertension later in life. Supported by grants from the Swedish Heart Lung Foundation, Stockholm.
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Received March 12, 1990 ; accepted in revised form January 22, 1991. The present investigation was undertaken to study if any disturbances in left ventricular diastolic or systolic function could be detected with sensible noninvasive methods in a group of young men with a positive family history of hypertension. The findings were compared with three control groups: one age-, sex-, and weight-matched group with a negative family history of hypertension; one male normotensive control group of similar age, unselected as regards family history of hypertension; and one group of men of the same age also unselected as regards family history of hypertension but selected with blood pressure criteria to have mild blood pressure elevation. Studies relating to some pathophysiological mechanisms other than left ventricular function in the two groups with a different family history of hypertension have been published elsewhere. 3 - 4 Detailed analyses of invasive hemodynamics in the group with mild blood pressure elevation have been presented separately. 13 All patients were thoroughly interviewed with regard to family history of hypertension. Cases of secondary hypertension were excluded.
Those hypertensive patients for whom both parents had either been hospitalized for stroke before the age of 65 years or been treated for hypertension before the same age (rc=49) were approached, and each man was asked if he had a son living reasonably close to Gothenburg. All the sons (n=25) were contacted and asked if they were willing to participate in the study. Fifteen were willing to participate, and of the remaining 10, one was excluded because he was adopted, one because of current treatment for hypertension, one because of alcoholism, two were traveling salesmen, one was in military service, and four declined to participate.
These 15 men with a hypertensive father and grandparents probably hypertensive constituted the group with a positive family history of hypertension ( Figure 1 ). The mothers were also contacted by telephone and asked about current medication and blood pressure. Four mothers were hypertensive. We did not examine the mothers further since the group was too small for further subgrouping into those with one or both parents hypertensive.
Control Groups
Negative family history of hypertension. A control group was created by selecting sons of men from the same screening examination who had blood pressure below 130 mm Hg systolic and 90 mm Hg diastolic. These men had been interviewed with regard to family history of hypertension, and only those with no family history of stroke or hypertension according to the above criteria were selected. In this way 50 men were selected, approached, and asked if they had a son living close to Gothenburg; their wives were interviewed by telephone about current medication and state of health and if they also were normotensive according to recent medical investigations; their sons were approached and asked to participate (/i=26).
Fifteen subjects, constituting a group with a negative family history of primary hypertension, were willing to participate. They were age-and weightmatched to the group with a positive family history of hypertension.
Because the group with the positive family history of hypertension turned out to be heavier than the normotensive control group, a condition of slight overweight emerged as an important selection criterion for the group with a negative family history of hypertension.
Mild blood pressure elevation. Fifty-nine healthy young men with systolic blood pressure of 150 mm Hg or greater or diastolic blood pressure of 90 mm Hg or greater on at least one occasion were recruited from a military enlistment center. They were then referred to the Hypertension Unit, where all, at approximately 2-week intervals, had two systolic blood pressure readings of 140 mm Hg or greater. The present noninvasive study was performed 7 years after the screening at the military enlistment center.
Normotensive control group. Twenty-seven healthy young men from the same military center were recruited as normotensive controls, with inclusion blood pressure of 130/80 mm Hg or less at the screening.
The study was approved by the Ethical Committee of the Gothenburg University, Gothenburg, Sweden, and all men gave informed consent to participate.
Methods

Screening Blood Pressure
At the military enlistment center, after 15 minutes of supine rest, blood pressure was recorded by specially trained personnel using a standard cuff and a mercury manometer.
At the Hypertension Unit, blood pressure was measured with the same equipment after 5 minutes of supine rest. Diastolic pressure was defined as Korotkoff phase V.
Recordings in the Noninvasive Laboratory
All the recording and analysis techniques have been published in detail previously. 1415 After 45 minutes of supine rest, resting blood pressure was measured using an automatically inflated and deflated standard cuff (Boucke Brecht, Tubingen, FRG) in the right arm with a heart sound microphone (Siemens Elema, Stockholm) that was placed over the brachial artery. Cuff pressure, Korotkoff sounds, and an electrocardiogram were simultaneously recorded on a Mingograph 82 (Siemens Elema). Blood pressure was calculated from duplicate recordings on electrocardiographic paper and determined to the nearest 1 mm Hg. In the groups with a positive or a negative family history of hypertension, blood pressure was measured in the right arm with the individual in a left lateral recumbent position instead of a supine position. To compensate for the increased distance to the heart level from the right arm, a correction of blood pressure was performed by adding 13 mm Hg to the blood pressure, corresponding to a hydrostatic pressure of 17 cm H 2 O (mean value, calculated from a subsample of the studied men). Blood pressure after 3 minutes of isometric handgrip exercise at 30% of a predetermined maximal grip strength was also recorded with the phonographic technique (data missing in six normotensive control subjects, five subjects in the group with mild blood pressure elevation and two subjects in the group with a positive family history of hypertension). Mean arterial blood pressure was defined as diastolic blood pressure plus one third of the pulse pressure.
Left Ventricular Structure and Function
Echocardiography. M-mode echocardiography was recorded at relaxed expiratory apnea with the subjects in a left lateral recumbent position with an Echoscan 30 (Mediscan, Copenhagen, Denmark) or IREX III (IREX, Upper Saddle River, N.J.) echocardiograph. Left ventricular internal diameter (LVID) and wall thickness were traced with a digitizer interfaced with a microcomputer. The leading edge-to-leading edge method was applied in all measurements. All the echocardiographic parameters represent the average of three to five beats performed on good quality complexes with well-defined endocardial echoes. Left ventricular wall thickness was defined as intraventricular septum plus left ventricular posterior wall thickness divided by two. Calculation of left ventricular mass was based on the D 3 formula. 14 Left ventricular wall thickness and mass were also corrected for body height. Left ventricular percent fractional shortening was calculated as was used, where ESWS is end-systolic wall stress and ESBP is end-systolic blood pressure. 15 End-systolic blood pressure was estimated from the carotid pulse tracing, where systolic and diastolic blood pressure, as determined with the phonographic cuff method, were assigned to the peak and nadir of the carotid curve, respectively, and end-systolic blood pressure was calculated by linear interpolation to the height of the dicrotic notch. 16 End-systolic wall stress can be used as a definition of afterload, and a linear relation exists between ejection phase indexes (fractional shortening and mean V rf ) and end-systolic wall stress. 1516 The following equations defined the relation between the ejection phase indexes and endsystolic wall stress in the normotensive control group:
where FS is fractional shortening and mean V rf = 1.45-0.0081-observed ESWS.
By using these formulas from the normotensive control group, observed values for end-systolic wall stress from each Individual in the other three study groups were used to calculate predicted values for the ejection phase indexes. The difference between the observed and predicted values for fractional shortening and mean V rf was defined as the "contractility index fractional shortening" and "contractility index mean V^," respectively.
Apexcardiography and phonocardiography. "Left ventricular distensibility index" was formed by calculating the ratio of the height of the a wave to the total curve deflection of the apexcardiogram (H) from the mean of three cardiac cycles.
14 From simultaneous recordings of the electrocardiogram lead II, phonocardiogram, and apexcardiogram, the distance between the aortic component (A 2 ) of the second heart sound and the O-point in the apexcardiogram was measured (A 2 O interval). The A 2 O interval expressed as a percentage of the expected value at the observed heart rate (A 2 O%) defined the "left ventricular relaxation time index." 14 A 2 O% was calculated using the equation gram and carotid pulse tracing. 15 Left ventricular ejection time was expressed as a percentage of the expected value at the observed heart rate using the regression equation LVET=417-1.78-heart rate which was obtained from the normotensive control group.
Statistical Analysis
All statistics were handled by MINITAB. TO reduce the problem of multiple testing when studying the four groups, the comparisons were restricted to those between the group with a positive family history of hypertension and each of the other ones. Those comparisons were sufficient to elucidate the effect of a positive family history of hypertension. Ninety-five percent confidence intervals for differences were calculated. For illustrative purposes, these differences in group means and confidence intervals were also expressed in percentages (Figure 2 ). Differences in means and 95% confidence intervals for these differences have been given only when the comparison of the group with a positive family history of hypertension with any of the three control groups showed a confidence interval separated from zero. Within each group, with the exception of the normotensive control group, a paired t test was used to compare observed values for fractional shortening and mean V rf with those predicted at the observed end-systolic wall stress. Due to the low number studied, subgroup analyses and multiple variate regression analyses have been avoided.
Results
Body Weight and Body Mass Index
The group with the positive family history of hypertension was 9.6 kg heavier than the normotensive control group, 95% confidence interval 2.6-16.6 kg (Tables 1 and 2 ). This difference in weight accounted for a significant 2.6 kg/m 2 difference in body mass index, 95% confidence interval 0.7-4.4 kg/m 2 . There was no difference in body weight or body mass index between the group with the positive family history and the two other control groups.
Blood Pressure and Heart Rate at Rest and During Isometric Exercise
The 95% confidence intervals describing the differences in means between the group with the positive family history and the normotensive control group were separated from zero for resting systolic and diastolic blood pressure and heart rate and also for systolic blood pressure and heart rate during isometric exercise. Ninety-five percent confidence intervals for the comparisons between the group with the positive family history of hypertension and the other two control groups included zero for resting as well as isometric systolic blood pressure, diastolic blood pressure, and heart rate.
Left Ventricular Mass
Left ventricular mass and left ventricular mass/ height ratio were significantly higher in the group with a positive family history than in the normotensive control group. This difference in left ventricular Values are mean±SD. See Table 2 for confidence intervals. BMI, body mass index; SBP, DBP, and MAP, systolic, diastolic, and mean arterial blood pressure, respectively; HR, heart rate.
mass was explained by a significant increase in left ventricular wall thickness/internal diameter ratio. There was no significant difference between the group with the positive family history and the two other control groups in any of these variables. There was no difference between the groups in the enddiastolic intraventricular septum/left ventricular posterior wall ratio (Tables 3 and 4) .
Left Ventricular Contractility Indexes
The group with a positive family history of hypertension had a significantly higher contractility index mean V rf than the normotensive control group (difference between the observed value for mean V d and that predicted at the observed end-systolic wall stress). There was no significant difference between the group with a positive family history of hypertension and the other two control groups in the left ventricular contractility indexes. In the two groups with a different family history of hypertension as well as in the group with mild blood pressure elevation, observed values for mean V rf were significantly higher than those predicted. In the group with a positive family history of hypertension and the group with mild blood pressure elevation observed, values for fractional shortening were significantly higher than those predicted for the observed end-systolic wall stress (Tables 3 and 4) . Values are mean±SD. Sec Table 4 
Left Ventricular Distensibility and Relaxation Time Indexes
The group with a positive family history of hypertension had signs of reduced left ventricular distensibility (significantly higher left ventricular distensibility index, a/H ratio) and a significantly longer left ventricular relaxation time index (A 2 O%) than the normotensive control group. There were no signifi- cant differences between the group with a positive family history of hypertension and the two other control groups in these variables.
Discussion
The present study showed that when the group with a positive family history of hypertension was compared with the weight-matched group with a negative family history of hypertension, no differences in left ventricular function or blood pressure were observed.
The results also showed that the group with a positive family history of hypertension, in comparison with the normotensive control group, was heavier, had higher blood pressure, an increased left ventricular wall thickness, increased left ventricular mass, and signs of changes in diastolic and systolic left ventricular function (Figure 2 ). Our data clearly indicated that subjects selected because of a positive family history of hypertension, as well as subjects selected because of mild blood pressure elevation, were heavier than a normotensive control group, which is well in accordance with earlier published data. 7 -91718 Thus, it appears that weight plays a larger role in determining blood pressure and left ventricular changes than does family history alone.
These results also underline the importance of matching the subjects in the different groups for body weight and body mass index when defining control groups for studies aimed at analyzing the pathogenic role of a positive family history of hypertension.
Thus, the common findings for the two groups with a different family history of hypertension and the group selected because of mild blood pressure elevation were a slight increase in body mass index, mild blood pressure elevation, and similar changes in left ventricular structure and function.
Some earlier published studies have shown an increased left ventricular wall thickness in young normotensive subjects with a positive family history of hypertension.
5 -6 -8 Two of these studies have been performed in younger subjects 68 and one in subjects comparable in age with our subjects. 5 In the latter study, however, there was no matching done for body weight or body mass index, which makes it difficult to judge the pathogenic importance of the family history per se.
In spite of the fact that our study used the epidemiological approach with screening of nearly 10,000 men to define the hypertensive parent generation, 12 the sample size with a positive family history of hypertension was quite small since only subjects with a positive family history of hypertension in two generations, father and grandparents, were included ( Figure  1 ). This definition led to a smaller sample size but a higher discriminating power than if subjects with only one generation of a history of hypertension are included, as in the earlier studies performed. Some data indicate that a positive family history on the mother's side might be of greater pathogenic importance than a positive history on the father's side. 9 Because of small numbers, we were not able to analyze this in the present study. More studies are needed to address this question. The question arises concerning what pathophysiological mechanisms might explain the changes in left ventricular structure and function. It is not possible to judge, with available data, if the changes occurred as a physiological response to an increase in afterload or if the neurohormonal and metabolic disturbances leading to a slight overweight condition also affected left ventricular function.
Hypertension and obesity are two disorders that are closely related, and each occurs more frequently in tandem with the other than in an otherwise normal population. 71718 Data strongly indicate that obesity leads to an increase in left ventricular mass due to left ventricular dilatation (i.e., eccentric hypertrophy). io,i9-2i in the present study, however, the increase in left ventricular mass was explained by an increase in left ventricular wall thickness/internal diameter ratio, which might seem to contrast with the results in obese patients. It should be noted, however, that our three overweight groups were not obese, they only had a slight 10-15% condition of overweight in comparison with the normotensive control group. This is very different compared with the 60-80% overweight that has been reported in some of the studies of left ventricular function performed in obese subjects.i°-i 9 We used a combination of different noninvasive methods to study left ventricular function. This combination of methods enables a thorough analysis of left ventricular morphology as well as of diastolic and systolic left ventricular function. 22 Whether the recorded disturbances in diastolic left ventricular function were secondary to the increase in left ventricular wall thickness or developed partially independent of an increase in left ventricular wall thickness needs further study to elucidate.i 2 -14 - 22 The relation between end-systolic wall stress and left ventricular ejection phase indexes indicates a supranormal systolic left ventricular function in the two groups with a different family history of hypertension as well as in the group with mild blood pressure elevation compared with the normotensive control group. There might be several pathophysiological explanations for this, such as an increase in sympathetic nervous system activity or a more efficient contractile machinery in the myocardial cells.
-22
In conclusion, young men with a slight overweight condition and mild blood pressure elevation showed evidence of beginning left ventricular hypertrophy and changed diastolic and systolic left ventricular function irrespective of the family history of hypertension. This probably indicates an increased risk for the development of serious blood pressure-related and also atherosclerosis-related cardiovascular complications, especially if other risk factors like high serum cholesterol and smoking are also present. Further studies are warranted to elucidate the effect of nonpharmacological measures to reduce body weight and blood pressure in young men with an overweight condition irrespective of the family history of hypertension. Ideally, effects on cardiovascular function, including studies of the early silent manifestations of atherosclerosis, should be studied concomitantly.
